(19) 



J 



(12) 



(43) Date of publication: 

23.08.2000 Bulletin 2000/34 

(21) Application number: 00301122.8 

(22) Date of filing: 14.02.2000 



Europdisches Patentamt 
European Patent Office 
Off ice europ^en des brevets (11) EP 1 030 054 A2 

EUROPEAN PATENT APPLICATION 

(51) Int. CI. 7 : F02M 61/18 



(84) Designated Contracting States: 


(72) Inventor: 


AT BE CH CY DE DK ES F1 FR GB GR IE IT LI LU 


The designation of the Inventor has not yet been 


MCNLPTSE 


filed 


Designated Extension States: 


(74) Representative: 


ALLTLVMKROSI 




Pople, Joanne Sellna 


(30) Priority: 16.02.1999 GB 9903496 


Marks & Clerk, 




Alpha Tower, 


(71) Applicant: 


Suffolk Street 


Delphi Technologies, Inc. 


Queensway, Birmingham B1 1TT (GB) 


Hoy, Ml 48007 (US) 





CM 
< 



(54) Fuel injector 

(57) A fuel injector comprising a valve needle (14) 
engageable with a seating to control the supply of fuel to 
an outlet opening (12), comprising an adjustment mem- 
ber (15) including an opening (16).. The adjustment 
member (15) is moveable to move the opening (16) 
thereof relative to the outlet opening (12) to vary the 
restriction to fuel flow formed by the outlet opening (12) 
and, hence, the rate at which fuel is delivered by the 
injector. 
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Description 

[0001] This invention relates to a fuel injector, and 
in particular to a fuel injector suitable for use in deliver- 
ing fuel under pressure to a cylinder of a compression s 
ignition internal combustion engine. 
[0002] A typical fuel injector includes a valve needle 
slidable within a bore and engageable with a seating to 
control the supply of fuel to a chamber downstream of 
the seating, the chamber communicating with a plurality 10 
of outlet openings. The outlet openings form a restric- 
tion to the flow of fuel and, for a given fuel pressure, 
serve to restrict the rate at which fuel is delivered by the 
injector. As the outlet openings are pre-drilled, no 
adjustment of the restriction to fuel flow can be made is 
after manufacture, and the fuel flow rate cannot be 
adjusted in use. 

[0003] In some known arrangements, for example 
those in which a secondary valve needle is slidable 
within a bore formed in the valve needle, the number of 20 
outlet openings used at any instant can be controlled. 
Controlling the fuel flow rate in this manner is disadvan- 
tageous, however, in that the overall spray formation or 
pattern changes as the number of openings in use 
changes, and those openings which are not in use may 25 
become blocked by coke or lacquer. 
[0004] It is an object of the invention to provide an 
injector in which the restriction to fuel flow formed by the 
outlet openings of an injector, and hence the fuel flow 
rate, can be altered, in use, whilst using all of the outlet 30 
openings. 

[0005] According to the present invention there is 
provided a fuel injector comprising a valve needle 
engageable with a seating to control the supply of fuel to 
an outlet opening, and an adjustment member including 35 
an opening, the adjustment member being moveable to 
move the opening thereof relative to the outlet opening 
to vary the rate at which fuel is delivered by the injector. 
[0006] The adjustment member is conveniently pro- 
vided with a first opening and a second opening, the 40 
adjustment member being moveable between a first 
position in which the first opening communicates with 
the outlet opening, the first opening and the outlet open- 
ing together defining a first restriction to fuel flow, and a 
second position in which the second opening communi- 45 
cates with the outlet opening, the second opening and 
the outlet opening together defining a second restriction 
to fuel flow. 

[0007] The first and second openings may be of 
substantially equal diameter, the entry ends of the first so 
and second openings being of different shapes to mod- 
ify the restriction to fuel flow. For example, the entry end 
of the first opening may be sharp, the entry end of the 
second opening being radiused. As a result, a variation 
in flow rate of up to approximately 30% can be achieved. 5$ 
[0008] The adjustment member may be angularly 
moveable or may be axially moveable between its first 
and second positions. 



[0009] The seating may be defined by part of the 
adjustment member. 

[0010] As the arrangements described hereinbe- 
fore permit the effective restriction to fuel flow to be 
adjusted, it will be appreciated that, for a given fuel pres- 
sure, the rate at which fuel is delivered by the injector 
can be adjusted. 

[0011] In an alternative arrangement, the adjust- 
ment member may be moveable relative to the outlet 
opening to vary the separation of the opening of the 
adjustment member from the outlet opening whilst 
maintaining communication therebetween. Such an 
arrangement has the advantage that the effective 
restriction to flow, and hence the fuel flow rate, is contin- 
uously variable rather than being adjustable between 
two or more discrete levels. 

[0012] The invention will further be described, by 
way of example, with reference to the accompanying 
drawings, in which:- 

Figure 1 is a sectional view of part of a fuel injector 
in accordance with an embodiment of the invention; 

Figure 2 is a sectional view of part of the injector of 
Figure 1 in another mode of operation; 

Figures 3a and 3b are diagrams illustrating the 
modes of operation of the embodiment of Figures 1 
and 2; 

Figures 4a and 4b are views similar to Figures 3a 
and 3fe illustrating a modification; 

Figures 5 to 8 are diagrammatic views illustrating 
further modifications; and 

Figure 9 is a view similar to Figure 1 illustrating a 
technique for switching the injector between its 
modes of operation. 

[0013] The fuel injector illustrated, in part, in Figure 

I comprises a nozzle body 1 0 provided with a blind bore 

I I which defines, adjacent its blind end, a seating area. 
Downstream of the seating area, the nozzle body 10 is 
provided with a plurality of outlet openings 12 in the 
form of small diameter drillings. The bore 11 is shaped 
to define an annular gallery 13 which communicates 
with a drilling (not shown) forming part of a supply pas- 
sage whereby the bore 1 1 is supplied with fuel under 
high pressure from an appropriate fuel source. The fuel 
source may take the form of a common rail charged with 
fuel to a suitably high pressure by a fuel pump. Alterna- 
tively, for example, the fuel source may take the form of 
a rotary distributor pump. 

[001 4] A valve needle 1 4 is slidable within the bore 
11, the valve needle 14 including a region of diameter 
substantially equal to the diameter of the adjacent part 
of the bore 1 1 to guide the needle 14 for sliding move- 
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ment, and forming a substantially fluid tight seal with the 
nozzle body 10. Trie needle 14 is of stepped form, 
including thrust surfaces 14a which are exposed to the 
fuel pressure within the bore 1 1 and orientated such 
that the application of high pressure fuel to the bore 1 1 5 
applies a force to the needle 14 urging the needle 14 in 
a direction away from the blind end of the bore 1 1 . The 
end part of the needle 14 adjacent the blind end of the 
bore 1 1 is slidable within an adjustment member 15 in 
the form of a sleeve. The adjustment member 15 is 
shaped for engagement with the seating area defined 
by the bore 1 1 , the interior of the adjustment member 1 5 
defining a seating with which an end region of the nee- 
dle 14 is engageable. Downstream of the seating, the 
adjustment member 15 is provided with a plurality of 
openings 1 6 which are orientated such as to be registra- 
ble with the outlet openings 12 provided in the nozzle 
body 1 0. Upstream of the seating, the adjustment mem- 
ber 15 is provided with radially extending drillings 17 
which permits communication between the bore 1 1 and 
the interior of the adjustment member 15. 
[0015] A spring 18 is provided between the adjust- 
ment member 15 and a shoulder defined by the needle 
14, the spring 18 acting to urge the adjustment member 
1 5 into engagement with the seating area defined by the 
bore 11. The spring 18 may take the form of a coiled 
compression spring, but in the embodiment illustrated in 
Figure 1, the spring 18 takes the form of a machined 
spring. 

[001 6] Where the annular gallery 1 3 is arranged to 
communicate with the common rail of a common rail 
fuel system, then the injector further comprises a con- 
trol arrangement arranged to control movement of the 
needle 1 4, and thereby control the timing of commence- 
ment and termination of injection. 
[001 7] As illustrated most clearly in Figures 3a and 
3b the openings 16 provided in the adjustment member 
15 comprise a first set of openings 16a and a second 
set of openings 16b. The first set of openings 16a take 
the form of drillings of diameter substantially equal to 
the diameter of the outlet openings 12. The second set 
of openings 16b are similar to the openings 1 6a but are 
radiused at their innermost ends. The adjustment mem- 
ber 15 is angularly adjustable between the position illus- 
trated in Figures 1 and 3a in which the first set of 
openings 16a are arranged to register with the outlet 
openings 12 and a second position illustrated in Figures 
2 and 3b in which the second set of openings 16b com- 
municate with the outlet openings 12. The provision of 
the radiused end regions on the openings 16b result in 
the combination of the openings 16 and outlet openings 
12 forming a smaller restriction to the flow of fuel when 
the adjustment member 15 occupies the position illus- 
trated in Figures 2 and 3£ than that when the adjust- 
ment member 15 occupies the position illustrated in 
Figures 1 and 3a. The change in fuel flow rate which 
can be achieved in this manner is approximately 30%. 
[0018] In use, prior to commencement of injection, 



a control arrangement is used to determine which rate 
of fuel delivery is desirable taking into account the 
engine operating conditions, and the adjustment mem- 
ber 1 5 is moved, angularly, to the appropriate position to 
bring either the first set of openings 16a or the second 
set of openings 16b into communication wit the outlet 
openings 12. Once this position has been reached, the 
needle 14 is allowed to lift away from the seating 
defined by the adjustment member 15, such movement 
permitting fuel to flow from the bore 1 1 through the drill- 
ings 17 to the interior of the adjustment member 15 and 
through the appropriate set of openings 16 to the outlet 
openings 12 from where the fuel is delivered to the com- 
bustion space of the cylinder of an engine with which 
the injector is associated. When it is determined that 
injection should be terminated, the needle 14 is 
returned into engagement with the seating defined by 
the adjustment member 15, thereby breaking the com- 
munication between the interior of the bore 1 1 and the 
outlet openings 12. Throughout the injection, the spring 
18 ensures that the adjustment member 15 is retained 
in engagement with the seating area defined by the 
bore 1 1 thus preventing direct communication between 
the bore 1 1 and the outlet openings 12. 
[0019] Although as described hereinbefore, the 
adjustment member 15 is rotated to the desired position 
prior to commencement of injection, it will be appreci- 
ated that the adjustment member 15 could be moved 
shortly after commencement of movement of the needle 
14. In such an arrangement, the load upon the adjust- 
ment member 1 5 at the instant at which its position is to 
be adjusted is reduced, and so adjustment may be 
achieved more easily. Further, adjustment of the posi- 
tion of the adjustment member 15 may be achieved dur- 
ing injection to adjust the rate of fuel delivery during an 
injection cycle. 

[0020] It will be appreciated that a number of tech- 
niques are suitable for use in adjusting the position of 
the adjustment member 15. For example, the adjust- 
ment member 15 could be keyed to the needle 14 such 
that angular movement of the needle 14 is transmitted 
to the adjustment member 15. In such an arrangement, 
a suitable motor is conveniently used to adjust the angu- 
lar position of the needle 14 to control the rate at which 
fuel is delivered, in use. As an alternative to keying the 
adjustment member 1 5 to the needle 1 4, the adjustment 
member 15 may be keyed to the spring 18 which, in 
turn, is keyed to the needle 14 such that angular move- 
ment of the needle 14 is transmitted through the spring 
18 to the adjustment member 15. Although in the 
description hereinbefore the spring 18 and adjustment 
member 15 are separate integers, if desired, these 
components could be formed integrally with one 
another. 

[0021] Figure 9 illustrates an alternative technique 
for adjusting the position of the adjustment member 15. 
In the arrangement illustrated in Figure 9, the adjust- 
ment member 15 is provided, on its exterior, with a 
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series of teeth 1 9 which are arranged to cooperate with 
teeth provided on a gear 20 carried by a drive shaft or 
pin 21. The drive shaft or pin 21 extends along the drill- 
ing which communicates with the gallery 13, the drilling 
being extended to open into a part of the bore 1 1 adja- $ 
cent the adjustment member 15. A suitable motor, for 
example a stepper or piezo motor, is used to rotate the 
drive shaft or pin 21 to drive the gear 20 and hence 
cause rotation or angular adjustment of the position of 
the adjustment member 15 at appropriate points in the 70 
operating cycle of the injector 
[0022] In the arrangement illustrated in Figures 1 
and 2, as the adjustment member 15 is seated against 
a seating area defined by part of the bore 1 1 , and as the 
needle 14 is slidable within the adjustment member 15, is 
it will be appreciated that a part of the needle 14 close 
to the blind end of the bore 1 1 is guided for sliding 
movement, the guiding of the needle assisting in ensur- 
ing that the needle 14 remains concentric with the bore 
1 1 and the seating provided on the adjustment member 20 
15. 

[0023] It will be appreciated that in the arrangement 
described hereinbefore, all of the outlet openings 12 are 
used during each injection, thus the spray formation and 
shape does not vary between injections and the risk of 25 
blockage of the outlet openings 12 is reduced. The 
choice of injection rate determines the spray width, 
momentum and penetration for a given fuel pressure. 
[0024] Figures 4a and 4b illustrate a modification to 
the arrangement described with reference to Figures 1 30 
to 3. In the modification illustrated in Figure 4a and 4b, 
the openings 166 are replaced with drillings which are 
of stepped form and arranged to include regions 16c 
restricting the rate at which fuel is able to flow, the 
regions 16c opening into relatively large diameter 35 
regions 16d. In use, with the adjustment member 15 in 
the angular orientation illustrated in Figure 4a, the effec- 
tive area of the combination of the openings 1 6a and the 
outlet openings 12 is substantially equal to the cross- 
sectional area of the outlet openings 12. If the adjust- 40 
ment member 15 is moved to the position illustrated in 
Figure 4b, then the effective area of the combination of 
the restriction 16c and the outlet openings 12 which are 
spaced apart from one another by the relatively large 
diameter region 16d is approximately 0.707 times the 45 
cross-sectional area of the outlet openings 12. It will 
therefore be appreciated that the movement of the 
adjustment member 15 from the position illustrated in 
Figure 4a to that illustrated in Figure 4b results in the 
restriction to fuel flow increasing, and hence in the fuel so 
flow rate falling. 

[0025] Figures 5a and 5b illustrate, diagrammati- 
cally, a modification to the arrangement described here- 
inbefore with reference to Figures 1 to 3, but in which 
the adjustment member 1 5 is axially movable relative to ss 
the bore rather than angularly adjustable, to adjust the 
fuel delivery rate. In the position illustrated in Figure 5a. 
the opening 16b is in communication with the outlet 



opening 12, and so the restriction to fuel flow is rela- 
tively small and the fuel delivery rate is relatively high. 
Figure 5b illustrates the injector with the adjustment 
member 15 lifted to a position in which the opening 16b 
no longer communicates with the outlet opening 12, and 
instead the opening 16a communicates with the outlet 
opening 12. As a result, the restriction to fuel flow is 
increased, and hence the rate at which fuel is delivered 
for a given fuel pressure is reduced. 
[0026] Figures 6a and 6b illustrate a modification to 
the arrangement described with reference to Figures 4a 
and 4b but in which the adjustment member 15 is axially 
moveable rather than angularly moveable between its 
first and second positions, as described with reference 
to Figures 5a and 5b. 

[0027] Figures 7a and 7b illustrate a further modif i- , 
cation in which the adjustment member 15 is axially 
moveable between its first and second positions. In this 
arrangement, in the first position illustrated in Figure 7a 
an opening 16b provided in the adjustment member 15 
communicates with several outlet openings 12 provided 
in the injector. Movement of the adjustment member 15 
from the position illustrated in Figure 7a to that illus- 
trated in Figure 7b results in separate openings 16a 
moving into communication with corresponding ones of 
the outlet openings 12. It will be appreciated that the 
restriction to fuel flow in the arrangement of Figure 7a is 
different to that of Figure 7b, and hence for a given fuel 
pressure, the rate at which fuel is delivered can be 
adjusted by moving the adjustment member 15 
between the position illustrated in Figure 7a and that of 
Figure 7b. 

[0028] In each of the arrangements described here- 
inbefore, the adjustment member 15 is moveable 
between a first position in which fuel is permitted to flow 
at a first rate and a second position in which fuel is per- 
mitted to flow at a second rate. It will be appreciated that 
fuel flow, at a given fuel pressure, is permitted at only 
two discrete rates. Each of the embodiments may be 
modified to permit fuel delivery at a greater number of 
discrete rates, but the embodiments do not permit fuel 
delivery over a continuous range of fuel flow rates. Fig- 
ures da and 8b illustrate a modification in which the rate 
at which fuel is permitted to flow can be continuously 
adjusted. In the arrangement of Figures 8a and 8b, the 
adjustment member 15 is moveable between the posi- 
tion illustrated in Figure 8a and a second position illus- 
trated in Figure 8b. The adjustment member 15 can be 
retained at any position between these two extreme 
positions. In the position illustrated in Figure 8a, an 
opening 16 formed in the adjustment member 15 and of 
diameter equal to that of the outlet opening 12 commu- 
nicates with and lies directly adjacent the outlet opening 
12. In the position illustrated in Figure 8b, the opening 
1 6 of the adjustment member 1 5 is spaced from the out- 
let opening 12. With the adjustment member 15 in the 
position illustrated in Figure 8a, the effective area of the 
restriction to fuel flow formed by the combination of the 
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outlet opening 12 and the opening 16 is substantially 
equal to the cross-sectional area of the outlet opening 
12, the outlet opening 12 and the opening 16 being of 
substantially equal cross-sectional area. When the 
adjustment member 15 is moved to the position illus- 
trated in Figure 8b, the effective area of the restriction 
constituted by the outlet opening 12 and the opening 16 
is substantially equal to 0.707 times the cross-sectional 
area of the outlet opening 12. At intermediate positions, 
the effective area of the restriction will be between these 
two extremes. It will be appreciated that by appropriate 
adjustment of the position of the adjustment member 
1 5, the restriction to fuel flow formed by the combination 
of the opening 1 6 and the outlet opening 12 can be con- 
trolled, and hence, for a given fuel pressure, the rate at 
which fuel is delivered can be controlled. 
[0029] Although in the description hereinbefore, the 
manner in which the injector is controlled is described in 
relation to a common rail type injector, it will be appreci- 
ated that the needle 14 may simply be spring biased 
towards the blind end of the bore 11, the timing of com- 
mencement of injection being controlled by appropriate 
control of the time at which fuel under pressure is sup- 
plied to the bore 1 1 , injection being terminated when the 
fuel pressure within the bore 1 1 falls to a level suffi- 
ciently low that the spring biasing of the needle 14 is 
able to return the needle 14 to the position illustrated in 
which the needle 1 4 engages the seating defined by the 
adjustment member 1 5. 

Claims 

1. A fuel injector comprising a valve needle (14) 
engageable with a seating to control the supply of 
fuel to an outlet opening (12), characterised by an 
adjustment member (15) including an opening (16), 
the adjustment member (15) being moveable to 
move the opening (16) thereof relative to the outlet 
opening (12) to vary the restriction to fuel flow 
formed by the outlet opening (12) and, hence, the 
rate at which fuel is delivered by the injector. 

2. The fuel injector as claimed in Claim 1 , comprising 
a plurality of outlet openings (12), the adjustment 
member (15) being moveable to move the opening 
(16) thereof relative to the outlet openings (12) to 
vary the restriction to fuel flow formed by the outlet 
openings (1 2) whilst using all of the outlet openings 
(12). 

3. The fuel injector as claimed in Claim 2, wherein the 
adjustment member (15) is provided with a first 
opening (16a) and a second opening (16b; 16c, 
16d). 

4. The fuel injector as claimed in Claim 3, wherein the 
adjustment member (15) is moveable between a 
first position in which the first opening (16a) com- 



municates with the outlet opening (12), the first 
opening (16a) and the outlet opening (12) together 
defining a first restriction to fuel flow, and a second 
position in which the second opening (16b; 16& 
5 16d) communicates with the outlet opening (12), 
the second opening (16b; 16c, 16d) and the outlet 
opening (12) together defining a second restriction 
to fuel flow. 

10 5. The fuel injector as claimed in Claim 4, wherein the 
first and second openings ( 1 6a, 1 6b) are of substan- 
tially equal diameter, the first and second openings 
having entry ends of different shape to modify the 
restriction to fuel flow. 

15 

6. The fuel injector as claimed in Claim 5, wherein the 
entry end of one of the openings (1 6§) is sharp and 
the entry end of the other of the openings (16b) is 
radiused. 

20 

7. The fuel injector as claimed in Claim 4, wherein the 
second opening takes the form of a drilling 
(16c16d) of stepped form. 

25 8. The fuel injector as claimed in any of Claims 4 to 7 
wherein the adjustment member (15) is angularly 
moveable between the first and second positions. 

9. The fuel injector as claimed in Claim 8, wherein the 
30 adjustment member (1 5) is keyed to the valve nee- 
dle (14) to effect angular movement of the adjust- 
ment member (15). 

1 0. The fuel injector as claimed in Claim 8, wherein the 
35 adjustment member (1 5) is provided with a plurality 

of teeth which cooperate with coor.esponding teeth 
associated with a drive shaft (21) to effect angular 
movement of the adjustment member (15). 

40 11. The fuel injector as claimed in any of Claims 4 to 7 
wherein the adjustment member (15) is axially 
moveable between the first and second positions. 

1 2. The fuel injector as claimed in any of Claims 1 to 7, 
45 wherein the adjustment member (15) is moveable 

relative to the outlet opening (12) to vary the sepa- 
ration of the opening (16) of the adjustment mem- 
ber (15) from the outlet opening (12) whilst 
maintaining communication therebetween to permit 
so fuel delivery over a continuous range of fuel flow 
rates. 

13. The fuel injector as claimed in any of Claims 1 to 
12, wherein the seating for the valve needle (14) is 

55 defined by part of the adjustment member (1 5). 
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